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EFFECTS OF FOREST ROADS ON HABITAT QUALITY FOR 
OVENBIRDS IN A FORESTED LANDSCAPE 
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A ~ s ~ ~ ~ c ~ . - N u m e r o u s  studies have reported lower densities of breeding Ovenbirds (Seiu- 
rus aurocapillus) adjacent to forest edges. However, none of these studies has considered hab- 
itat use and reproductive success to address mechanisms underlying the observed pattern, 
and most were conducted in fragmented landscapes and ignored juxtapositions of forest 
with narrow openings such as roads. We studied the influence of forest roads on Ovenbird 
density in an extensively forested region of Vermont, evaluating habitat use and reproductive 
success relative to mechanisms proposed to explain the density-edge relationship. Territory 
densities on seven study plots were 40% lower within edge areas (0 to 150 m from unpaved 
roads) than within interior areas (150 to 300 m from roads). We simulated the distribution 
of Ovenbird territories and concluded that passive displacement, where birds perceive hab- 
itat interfaces as boundaries and limit their territories entirely to forest habitat, did not ac- 
count for the observed density-edge pattern. Territory size was inversely related to distance 
from roads, providing an alternative explanation for reduced densities near edges and sug- 
gesting that habitat quality was higher away from roads. Pairing success was lower within 
edge areas than within interior zones, but the difference was not statistically significant. The 
proportion of males that produced fledglings did not differ between edge and interior areas. 
we conclude that habitat quality for Ovenbirds may be lower within 1 5 0 m  of unpaved roads 
in extensive forested landscapes, affecting territory density and possibly reproductive suc- 
cess. Received 28 May 1998, accepted 29 January 1999. 

FRAGMENTATION OF CONTIGUOUS FOREST is 
viewed as a primary factor in recent declines of 
many populations of songbirds (Whitcomb et 
al. 1981, Hutto 1988, Terborgh 1989). Studies of 
area-sensitive species whose densities decline 
as forest patch-size declines have implicated 
adverse effects of forest edges on these species 
(Askins et al. 1990, Paton 1994). Studies of the 
Ovenbird (Seiurus aurocapillus), an area-sensi- 
tive Neotropical migrant, document popula- 
tion declines (Askins et al. 1990, Hussell et al. 
1992) and sensitivity to edges. Decreased den- 
sities of Ovenbirds near edges have been re- 
ported in numerous studies (e.g. 1993, Rich et 
al. 1994, Lent and Capen 1995, Burke and No1 
1998). The Ovenbird has been placed in the 
"forest-interior" group of species that are 
thought to nest within the interior of forests 
and rarely near edges (Whitcomb et al. 1981, 
Freemark and Collins 1992); yet, it is unclear 
how the density of edges relate to habitat use 
and habitat quality. 
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Lower densities of edge-sensitive species 
may result from "passive displacement!' of ter- 
ritory centers away from forest borders, where 
birds perceive habitat interfaces as boundaries 
and limit their territories entirely to forest hab- 
itat (Kroodsma 1984, Rich et al. 1994, King et 
al. 1997). However, reduced densities at edges 
could also result from lower habitat quality. 
Differential vegetation structure may limit 
availability of nesting and foraging sites or cov- 
er (Kroodsma 1984, Smith and Shugart 1987). 
Similarly, Ovenbird prey may be less abundant 
near edges because of microclimate alterations 
(Villard et al. 1993, Burke and No1 1998). In ad- 
dition, edge-related reductions in pairing suc- 
cess (Van Horn et al. 1995), increased parasit- 
ism by cowbirds (Brittingham and Temple 
1983), and increased nest predation (King et al. 
1996) have been reported for Ovenbirds. Ter- 
ritory size in birds varies inversely with habitat 
quality (Smith and Shugart 1987), and lower 
edge densities may result directly from this re- 
lationship. Alternatively, inferior habitats may 
lead to active avoidance of edges (Villard et al. 
1993, Wenny et al. 1993, Van Horn et al. 1995), 
thereby causing lower densities. 
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Studies reporting edge-related declines in 
Ovenbird density have not considered relevant 
patterns in habitat use or reproductive success 
to address the processes underlying the ob- 
served density pattern. Furthermore, most of 
these studies were conducted in heavily frag- 
mented landscapes, and only one (Rich et al. 
1994) examined edges formed by narrow (<25 
m) breaks in the forest canopy. In this paper, 
we examine the influence of forest roads on Ov- 
enbird habitat quality in an extensive forested 
landscape. After documenting lower densities 
of territories at forest-road edges, we present 
data on habitat use and reproductive success to 
evaluate three possible mechanisms that could 
produce this pattern: (1) the passive-displace- 
ment hypothesis, in which territories located 
adjacent to roads are limited to forested habitat 
such that territory centers are displaced from 
forest-road borders; (2) the territory-size hy- 
pothesis, whereby habitat quality is lower 
within edge areas, resulting in an increase in 
territory size that limits densities; and (3) the 
active-avoidance hypothesis, in which habitat 
quality is lower within edge areas, causing 
males to avoid edges and locate their territories 
away from roads. 

STUDY AREA AND METHODS 

Study area and plot establishment.-Field work was 
conducted on the northern half of the Middlebury 
District of the Green Mountain National Forest 
(GMNF) in Vermont. The region is 94% forested with 
a scattering of openings that average 3.4 2 SE of 0.25 
ha (n = 1,342); these openings result from timber 
harvesting, agriculture, and residential and ski-area 
development. Roads traverse the forest at a density 
of 700 mlkrn: and 70% of them are unpaved. 

We established six 9-ha plots and one 7.5-ha plot 
in northern hardwood forest stands 50 to 150 years 
in age and dominated by sugar maple (Acer sacchar- 
um), American beech (Fagus grandifolia), and yellow 
birch (Betula alleghaniensis) and with occasional 
white ash (Fraxinus americana), red maple (Acer rub- 
rum), and red spruce (Pinus rubra). Plots, selected for 
their general uniformity of management history and 
forest composition from a set of 25 randomly select- 
ed sites, were located adjacent to dirt and gravel 
roads of width 7.0 to 10.0 m and at elevations of 550 
to 675 m. Each rectangular plot, marked in a 25-m 
grid, began at the road and extended 300 m into the 
forest. For consideration of road effects on habitat 
use and reproductive success, plots were divided 
into "edge" areas, which were 0 to 150 m from roads, 
and "interior" areas, which were 150 to 300 m from 

roads. We selected 150-m distance classes because 
they were wide enough to encompass Ovenbird ter- 
ritories and generally were related to the extent of 
edge effects detected in other studies (e.g. Kroodsma 
1984, Wenny et al. 1993, King et al. 1996). Distance to 
and size of nearest opening did not differ (F < 0.77, 
df = 1 and 12, P > 0.40) between edge areas (dis- 
tance, .? = 417.7 2 62.7 m, range 138.8 to 628.0 m; 
size, 3 = 1.6 2 1.8 ha, range 1.8 to 4.8 ha) and interior 
areas (distance, .? = 501.2 t 71.4 m, range 228.8 to 
748.4 m; size, f = 1.2 t 1.3 ha, range 0.8 to 3.8 ha). 

Distribution of territories.-We delineated territorv 
locations of males using the spot-mapping technique 
from 31 May through 29 June 1996. We conducted 
censuses from sunrise to 5 h after sunrise, during 
which detections of Ovenbirds, including fledglings, 
were recorded on grid maps. Observers walked sys- 
tematically (4 ha per h) along the center of each 50- 
m-wide strip, parallel to the road, pausing at each 50- 
m grid point for at least 2 min. To increase mapping 
accuracy and distinguish adults from fledglings, de- 
tections of uncertain origin were investigated fur- 
ther. Detections outside of plot boundaries were re- 
corded to improve the mapping of boundary terri- 
tories (Marchant 1981). We censused plots 10 times 
each, with visits spaced every two to four days. Ter- 
ritories were defined as clusters of three or more reg- 
istrations from different spot-mapping visits (.? = 

13.7 2 0.85 registrations per territory, range 4 to 34, 
n = 49 territories), and adjacent clusters were delin- 
eated with mapped countersinging events and si- 
multaneous registrations. Playback tapes of Oven- 
bird song were used on non-census mornings to aid 
in the identification of discrete clusters (Falls 1981). 

For analyses, we assigned territories to distance 
classes according to the perpendicular distance be- 
tween the road and the center of the territory (Van 
Horn et al. 1995, King et al. 1996), which was defined 
as the midpoint between the registrations closest and 
farthest from the road. Densities were calculated as 
the number of territory centers per 10 ha for each dis- 
tance class on each census plot. 

Pairing success and territory size.-We used a focal- 
male technique (Gibbs and Faaborg 1990) to assess 
pairing stat& and territory size in relation to roads. 
Individual territorial males on three of our census 
plots were followed for continuous 90-min periods 
between sunrise and 1000 EST (12 to 24 June), during 
which we noted evidence of pairing and mapped 
singing and foraging locations~~bse&ation sessions 
were terminated if a bird was silent or unseen for 20 
min (Probst and Hayes 1987). Sessions were alter- 
nated between edge and interior birds to the extent 
that logistics allowed. We classified focal males as 
pairedif they were observed interacting with a fe- 
male within 5 m, carrying nesting material, feeding 
young, or defending a nest or fledglings (Gibbs and 
Faaborg 1990, Porneluzi et al. 1993). Focal males with 
no evidence of pairing after one session were resur- 
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veyed between 18 June and 3 July following the above 
protocol but using playback tapes of Ovenbird song 
to aid in the location of focal males and associated 
mates or fledglings (Porneluzi et al. 1993). To vali- 
date our technique for determining pairing status, 
we also conducted focal-male sessions on birds 
known to be paired, using playback tapes in three of 
five trials. 

To determine territory size of focal males, we com- 
bined locations from focal-male sessions (in which 
playback tapes were not used) and spot-mapping 
censuses. Using a geographic information system 
(GIs), the central 95% of locations per male were con- 
nected to form the minimum convex polygon rep- 
resenting the "total utilized territory" (Zach and 
Falls 1979, Smith and Shugart 1987). The total num- 
ber of locations per territory ranged from 16 to 38 
and did not differ between edge (2 = 26.3 + 2.9, n = 

7) and interior (2 = 25.6 + 1.8, n = 14) males (F = 

0.05, df = 1 and 19, P > 0.8). To quantify the degree 
to which males avoided edge areas on the three focal 
plots, we used these data to consider the proportion 
of each distance class occupied by territories. Spot- 
map locations for three non-focal males were added 
and connected as described previously for this cal- 
culation. 

Fledging success.-To complete the mapping of Ov- 
enbird broods, we surveyed each of the seven plots 
an additional seven times, 2 July through 2 August. 
Including spot-mapping censuses, plots were visited 
every two to four days throughout the fledging pe- 
riod (late June to early August). Because fledgling 
Ovenbirds frequently emit a weak "chip" call and 
remain with their parents until about 30 days of age, 
we believe that we detected the majority of broods 
that fledged (i.e. left the nest) on our plots. During 
surveys, we walked grids as described for territory 
mapping, but observers moved at approximately 
half the rate. All Ovenbird calls and singing males 
were investigated and recorded on grid maps. For 
each family group detected, we documented loca- 
tions and movements of parents and fledglings, as 
well as physical and behavioral descriptions of fledg- 
lings to approximate their ages (Hann 1937). 

To index the proportion of territories fledging at 
least one young within edge and interior areas, 
brood detections were referenced to territory maps 
of males. Clusters of brood detections from different 
visits were considered multiple observations of the 
same brood unless fledgling ages, time between de- 
tections (>21 days), or parental activity (e.g. move- 
ments or countersinging events) indicated otherwise. 
Broods were then assigned to mapped territories 
based on their proximity and on the movements and 
countersinging events of associated male Ovenbirds 
(which continue to exhibit territoriality during the 
fledgling period [Hann 19371). We thereby assigned 
broods to distance classes and excluded broods de- 
tected at plot boundaries that were not associated 

with mapped territories. We calculated fledging suc- 
cess as the ratio of the number of broods to the num- 
ber of territories per distance class-study plot. Ter- 
ritories with >25% of their area located outside plot 
boundaries were excluded from the calculation be- 
cause of reduced probability of detecting associated 
broods. 

Habitat measurements.-We measured 10 variables 
considered important in characterizing Ovenbird 
habitat (Thompson and Capen 1988, Robbins et al. 
1989, Van Horn et al. 1995). Three circular 0.04-ha 
plots were randomly located within the territory of 
each focal male. As part of a related study (Ortega 
1998), plots were also located systematically 
throughout the study sites, giving habitat data for ar- 
eas falling outside of Ovenbird territories. At the cen- 
ter of each plot, we measured depth of leaf litter, 
shrub height, canopy height, and slope. Canopy cov- 
er and ground cover were estimated with a sighting 
tube at 40 equally spaced points along four 22.6-m 
transects oriented to the cardinal directions and 
crossing at plot center (James and Shugart 1970). We 
indexed shrub density along the transects by count- 
ing the number of stems (>1 m tall, <5 cm diameter 
at breast height [dbh]) within 1 m of the transect. 
Basal area was estimated using a 2.5 (m2/ha)-factor 
prism. For trees included in the assessment of basal 
area, dbh was measured and averaged for each veg- 
etation plot. 

Simulations of territory distribution.-We designed a 
series of simulations to assess whether the passive- 
displacement hypothesis could describe the ob- 
served distribution of Ovenbird territories indepen- 
dent of the territory-size and active-avoidance hy- 
potheses. We used GIs to sequentially place circular, 
nonoverlapping territories at randomly selected co- 
ordinates within areas simulating our study plots. 
The size of the simulated territories corresponded to 
the average size of Ovenbird territories on our plots. 
Following the passive-displacement hypothesis, sim- 
ulated territories were not permitted to extend into 
the road. Because the expected distribution of terri- 
tories within an area is affected by the number of ter- 
ritories placed within it, we conducted a separate 
simulation for each study plot, holding the number 
of simulated territories equal to the actual number of 
mapped territories on the plot. Densities of simulat- 
ed territories were calculated using the methods de- 
scribed for actual territories. Ten simulations were 
run for each plot, and the mean density per distance 
class was used in analyses. To consider the null hy- 
pothesis that territories were distributed randomly 
with respect to roads, simulations were repeated 
without the passive-displacement constraint. 

Statistical analyses.-We used ANOVA to test ter- 
ritory density, territory size, fledging success, and 
habitat measurements for differences between dis- 
tance classes of study plots. simulated densities un- 
der the passive-displacement and null models were 
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A Actual Territories a, (Tabachnick and Fidell 1989). Variables that could 
a 

not be successfully transformed were ranked and 
then tested with ANOVA. 

We used multiple regression analysis to examine 
territory size as a function of proximity to roads and 
the ten habitat variables (averaged across vegetation 
plots per territory). Bivariate (Pearson) correlation 
coefficients were examined to screen for multicolli- 
nearity (Tabachnick and Fidell 1989). Through a 

- 50 50 - loo loo - I5O '00- 250 250 - '0° backward selection process, variables were eliminat- 

h 
B Passive Displacement Model 

m 14.0 .. 
ed from the regression model until all remaining 
variables had F-statistics significant at the P = 0.1 
level. To assess the unique contribution of each var- 
iable in a model to the overall variation in territory 
size, we examined semipartial correlation coeffi- 
cients (Tabachnick and Fidell1989). This analysis en- 
abled us to consider the relationship between the 
size of a territory and its distance from a road when 
the influence of other habitat variables was statisti- 
cally removed. We used SAS software for all analyses 
(SAS Institute 1990). 

C Null Model 

12.0 1 

0 - 50 50 - 100 100 - 150 150 - 200 200 - 250 250 - 300 

Distance from road (m) 

FIG. 1. Comparisons of actual and simulated den- 
sities of Ovenbird territories among 50-m intervals at 
increasing distance from roads. For each density var- 
iable, intervals with the same letter do not differ sig- 
nificantly (P > 0.05). 

compared with densities of actual territories for each 
distance class separately. Study plot was included in 
ANOVA models as a blocking factor (Sokal and Rohlf 
1981), and multiple comparisons were conducted 
with Duncan's new multiple range test. We tested as- 
sumptions of normality and homogeneity of vari- 
ance with Shapiro-Wilk and F,,, tests and applied 
standard transformation methods where necessary 

Patterns of territory distribution.-We delin- 
eated 49 Ovenbird territories in the seven plots. 
Territories tended to occur in rows parallel to 
roads. Territories comprising the first row did 
not extend into roads, and their centers were 
located 30 to 80 m from the forest-road border, 
giving intermediate densities within 100 m of 
roads (Fig. 1A). Two distinct peaks in territory 
density were located 150 to 200 m and 250 to 
300 m from roads (Fig. 1A). Territory density 
was significantly lower within 50 m of roads 
that within the interval farthest from roads 
(Fig. 1A). Overall, densities were 40% lower (P 
= 0.01) within edge areas versus interior areas 
(Table 1). 

Densities of simulated territories did not 
show patterns of peaks and lows in relation to 
roads (Figs. lB, C). For the passive-displace- 
ment model, territory density within 50 m of 
roads was significantly lower than densities in 
the remaining intervals (Fig. lB), but densities 
did not differ between edge and interior areas 

TABLE 1. Density (per 10 ha) comparisons for actual and simulated Ovenbird territories within edge (0 to 
150 m) and interior (150 to 300 m) areas of study plots. Values are x' + SE. 

Edge Interior P P 

Actual territories 6.2 2 0.77 9.9 t 1.02 11.57 0.01 
Passive-displacement model 7.5 ? 0.85 8.6 + 0.73 3.63 0.11 
Null model 8.3 t 0.83 7.7 ? 0.69 2.72 0.15 

*ANOVA, df = 1 and 6 .  
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Distance from road (m) 

FIG. 2. Relationship between territory size and 
distance from roads for 21 Ovenbird territories sur- 
veyed on the Green Mountain National Forest, 1996. 

(Table 1). For the null model, densities did not 
differ among the intervals (Fig. 1C) or between 
edge and interior areas (Table 1). 

Comparisons of actual and simulated densi- 
ties revealed significant differences. For the 
edge class, density of actual territories was 
lower than densities derived under the passive- 
displacement and null models (F = 7.39, df = 

2 and 12, P < 0.01; Table 1). For interior areas, 
the density of Ovenbird territories was higher 
than densities simulated under the two models 
(F = 7.53, df = 2 and 12, P < 0.01; Table 1). 

Patterns of habitat use.-Territory size for 21 
focal males ranged from 0.20 to 0.69 ha (f = 

0.44 2 0.029). Edge territories (f = 0.53 + 0.032 
ha, n = 7) were significantly larger (F = 7.93, 
df = 1 and 17, P < 0.05) than interior territories 
(f = 0.39 ? 0.028 ha). Territory size did not dif- 
fer among study plots (F = 5.41, df = 2 and 17, 
P > 0.05), and we pooled across plots for sub- 
sequent analyses of territory size. Territory size 
was negatively correlated with the distance of 
the territory from the forest-road border (r = 

-0.71, P < 0.001; Fig. 2). The proportion of area 
occupied by territories did not differ between 
edge (f = 39.6 2 2.16%) and interior (f = 36.7 
+ 4.28%) classes (F = 0.21, df = 1 and 2, P > 
0.60). 

Habitat variables measured at random points 
within Ovenbird territories did not differ sig- 
nificantly between edge and interior areas (Ta- 
ble 2). Ground cover in areas not occupied by 
territories was significantly higher than at 
points randomly located within Ovenbird ter- 
ritories, and no additional habitat variables 
showed significant differences between terri- 
tory and non-territory points (Table 3). 

Regression analysis of territory size resulted 
in a model with three variables: distance from 
road, litter depth, and ground cover. This mod- 
el accounted for 68% of total variation in ter- 
ritory size (Table 4). The independent influence 
of distance from road accounted for 48% of the 
variation in territory size (P < 0.001), whereas 
litter depth contributed 17% (P < 0.01) and 
ground cover 8% (P < 0.05). Distance from 
road was not significantly correlated with any 
other habitat variables (r < 0.40), and none of 
the habitat variables was highly correlated with 
any other variable (r < 0.50). The independent 

TABLE 2. Comparison of habitat variables (f + SE) measured at random points within edge (0 to 150 m) 
and interior (150 to 300 m) Ovenbird territories. 

Variable Edge Interior P P 

Basal area (m2/ ha) 28.0 2 1.30 
Relative basal area of conifers (m2/ha)b 42.2 2 2.05 
Tree diameter (cm)' 1.5 2 0.01 
Canopy height (m)d 4.4 2 0.13 
Canopy cover (%) 34.3 2 0.64 
Stem density ( s t e r n ~ / h a ) ~  3.6 5 0.04 
Shrub height (m)b 40.9 2 3.97 
Ground cover (%)d 4.2 2 0.13 
Litter depth (cm) 3.3 2 0.29 
Slope (%) 17.0 2 1.52 

'ANOVA, df = 1 and 76. 
Rank-transformed values. 
' Log-transformed values. 

Square-root transformed values 
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TABLE 3. Comparison of habitat variables (3  + SE) measured at random points within Ovenbird territories 
and at points not occupied by Ovenbird territories. 

Territory Non-territory P P 

Basal area (m2/ ha) 
Relative basal area of conifers (m2/ha)b 
Tree diameter (cm)' 
Canopy height (m)d 
Canopy cover (%) 
Stem density (stems/hap 
Shrub height (m)b 
Ground cover (%)d 
Litter depth (cm) 
Slope (%) 

' ANOVA, df = 1 and 99. 
Rank-transformed values. 

c Log-transformed values. 
Square-root transformed values. 

influence of distance from road on territory 
size was significant irrespective of the combi- 
nation of habitat variables included in the model. 

Reproductive success in relation to roads.- 
Eighty-five percent of focal males were classi- 
fied as paired, and all of five validation trials 
yieldedconfirmation of paired status. The pro- 
portion of paired males did not differ among 
study plots (Fisher exact test, P > 0.50); there- 
fore, we pooled data across plots. Pairing suc- 
cess was 79% for edge males (n = 14) compared 
with 92% for interior males (n = 12L but the 
difference was not significant (Fisher exact test, 
P > 0.50), and the power of the test was low 
(<0.25 at a = 0.05; Cohen 1988). 

Twenty-two of 44 territories fledged at least 
one young; 19 of these broods were clearly as- 
sociated with reference territories. Each of the 
remaining three brood detections straddled 
boundaries of multiple territories located with- 
in the same 150-m distance class, so selection 
of a single reference territory was not pertinent. 
Fledging success did not differ between edge (f 
= 42.9 + 8.86%) and interior areas (2 = 50.1 5 
8.95%; F = 0.43, df = 1 and 6, P = 0.54). 

The density of Ovenbird territories was low- 
er within edge areas than within interior areas. 
The absence of territory centers within 30 m of 
roads, the relatively low territory density in the 
first 50-m interval from a road, and observa- 
tions of focal males with territories adjacent to 
roads indicated that territory centers were pas- 
sively displaced away from roads. Other re- 
searchers have reported that forest birds locate 
territory boundaries at human-made edges 
(Chasko and Gates 1982, Kroodsma 1984, Rich 
et al. 1994, King et al. 1997). 

However, passive displacement alone does 
not adequately explain the 40% reduction in 
density within edge areas versus interior 
zones. The density of actual territories within 
edge areas was lower than that simulated un- 
der passive-displacement and null models that 
held territory size constant. Under the passive- 
displacement model, the simulated density for 
edge areas was not different from the interior 
density because fine-scale displacement of ter- 
ritory centers within the first 50-m interval did 

TABLE 4. Regression model of Ovenbird territory size with distance from road and habitat variables. Model 
F = 12.25, R2 = 0.68, P = 0.002. 

Variable b SE t P 

Intercept 0.2620 0.1111 2.36 0.03 
Distance from road -0.0008 0.0002 -5.08 0.0007 
Litter depth 0.0698 0.0230 3.03 0.008 
Ground cover 0.0056 0.0026 2.13 0.05 
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not significantly depress densities within the 
150-m edge zone. 

Variation in territory size with distance from 
roads provides a more plausible explanation 
for lower territory density within edge areas. 
Based on the distribution of actual territories 
(Fig. lA), it is evident that a moderate number 
of territories occurred within 150 m of roads, 
whereas two peaks in density were evident 
within the interior distance class. Territories 
adjacent to roads, with diameters averaging 
25% larger than territories farthest from roads, 
were distributed over a relatively wide area 
compared with territories that formed density 
peaks within interior areas, giving a lower den- 
sity of territories within edge areas. Still, ter- 
ritories abutted roads and occupied approxi- 
mately equal proportions of edge and interior 
areas, suggesting that Ovenbirds did not ac- 
tively avoid forest-road borders. 

Territory size and habitat quality.-Numerous 
studies of territory size in Ovenbirds and other 
species have documented an inverse relation- 
ship between prey density and territory size 
(see Smith and Shugart 1987). Invertebrates in 
leaf litter, the main food source of Ovenbirds 
(Hann 1937), may be less abundant within for- 
est edges because of altered microclimates (e.g. 
decreased litter moisture and increased litter 
temperature; Matlack 1993, Villard et al. 1993, 
Burke and No1 1998). Litter fauna adjacent to 
unpaved roads could also be sensitive to ac- 
cumulation of dust particles and heavy metals 
(Lagerwerff and Specht 1970, Forman and God- 
ron 1986). 

Vegetation structure may serve as a "struc- 
tural cue" to prey density, thereby regulating 
habitat selection and territory size (Smith and 
Shugart 1987). Ovenbirds in our study selected 
areas with low ground cover, and territory size 
decreased as ground cover decreased. Howev- 
er, regression analysis indicated that proximity 
to roads was more important than other habitat 
variables in describing territory size. Vegeta- 
tion structure within territories did not differ 
between the two distance classes, and when ef- 
fects of other habitat variables were removed, 
distance of territories from roads explained 
48% of the variation in territory size, further 
suggesting an effect on habitat quality that was 
independent of vegetation structure. 

Various hypotheses provide mechanisms for 
edge effects on territory size, based on the pre- 

mise of differential prey density. As with ver- 
tical vegetation structure, Ovenbirds may use 
proximity to edges as an index to prey density, 
adjusting territory size accordingly (Villard et 
al. 1993). Alternatively, Ovenbirds may use 
"direct monitoring" of resource levels to reg- 
ulate territory size (see Smith and Shugart 
1987). Territories may also be smaller away 
from roads because of increased levels of intra- 
specific competition for habitat with higher 
food quality (Smith and Shugart 1987). 

Reproductive success and habitat quality.-We 
have suggested that the observed reduction in 
the density of Ovenbird territories near roads, 
driven by an increase in territory size, is indic- 
ative of lower habitat quality within edge areas. 
However, habitat quality should also be evalu- 
ated in terms of reproductive success (Van 
Horne 1983, Vickery et al. 1992). We observed 
high rates of pairing, which is typical for Ov- 
enbirds in forest-dominated landscapes (Vil- 
lard et al. 1993, King et al. 1996, Sabine et al. 
1996). Although the difference was not statis- 
tically significant, pairing success was lower 
within 150 m of roads than in interior areas. Fe- 
male Ovenbirds may select territory holders by 
directly assessing resource levels or by using 
territory density (Villard et al. 1993) or terri- 
tory size (Verner 1964) as an index. Alterna- 
tively, female Ovenbirds may select mates di- 
rectly, preferring older males that are likely to 
concentrate in higher-quality habitats (Sherry 
and Holmes 1989, Holmes et al. 1992). Both of 
these mechanisms predict that pairing success 
is higher for males holding interior territories, 
if resource levels are indeed lower at edges. 

Reduced food supply should lead to lower 
productivity (Rodenhouse and Holmes 1992), 
but we found no differences in fledging success 
between edge and interior areas. Other studies 
of Ovenbirds in extensive forests report levels 
of fledging success comparable to ours (Por- 
neluzi et al. 1993, King et al. 1996). However, 
local-scale variation in prey availability may 
cause more subtle differences in clutch size, 
nesting success, and frequency of multiple 
brooding that are not reflected in measures of 
fledging success (Martin 1992). 

Landscape effects.--Patterns in habitat use and 
reproductive success relative to edges should 
also be evaluated in terms of landscape context. 
Contrary to our findings, Wenny et al. (1993) 
reported that in forest fragments of central 
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Missouri, Ovenbird territories occupied lower 
proportions of edge areas within 100 m of frag- 
ment borders compared with interior areas 
more than 200 m from borders. Working in the 
same region, Van Horn et al. (1995) document- 
ed a significant relationship between Ovenbird 
pairing success and proximity to edges. Re- 
searchers have suggested that these edge-relat- 
ed patterns reflect avoidance of areas with in- 
creased levels of nest predation and brood par- 
asitism (Van Horn et al. 1995). Such a behavior 
could have evolved in the historically frag- 
mented region studied by Wenny et al. (1993) 
and Van Horn et al. (1995), where forest edges 
were prevalent in presettlement times and may 
have had increased levels of predation and par- 
asitism (Van Hornet al. 1995). Because northern 
New England was historically forested (Horn- 
beck and Leak 1991), Ovenbirds in our region 
may not have been exposed to selective pres- 
sure to avoid edges. Edge-related reduction in 
density and pairing success recorded in highly 
fragmented landscapes could also be the direct 
result of decreased survivorship and produc- 
tivity at edges, given that numerous studies 
have documented edge-related increases in 
nest predation and parasitism within a land- 
scape context (e.g. Wenny et al. 1993, Van Horn 
et al. 1995). However, most studies conducted 
in extensively forested landscapes have not re- 
ported diminished nest survival at edges (e.g. 
Hanski et al. 1996, Donovan et al. 1997). Pre- 
dation rates on artificial nests placed in forest- 
ed habitat adjacent to roads in our study area 
did not differ from those placed 300 m from 
roads (Ortega 1998), and Brown-headed Cow- 
birds (Molothrus ater) were relatively uncom- 
mon on the GMNF (Ellison 1990a, Coker and 
Capen 1995). Thus, it is unlikely that edge-re- 
lated effects on territory size and density in our 
study were related to predation or parasitism. 
Instead, as described above, local-scale differ- 
ences in food availability at edges could cause 
effects on density and productivity that are in- 
dependent of landscape context. Although 
edge effects on food supply may be more pro- 
nounced in landscapes with lower connectivity 
of forest patches and sharper microclimate gra- 
dients (Sabine et al. 1996, Burke and No1 1998), 
our results provide indirect evidence that gra- 
dients in prey availability exist within exten- 
sively forested landscapes. 

Management implications.-Habitat quality for 

Ovenbirds may be lower within 150 m of un- 
paved roads in extensive forest landscapes, af- 
fecting territory density and possibly repro- 
ductive success. Thus, ubiquitous distribution 
of roads through forested areas potentially rep- 
resents a significant cumulative reduction in 
abundance of the species (Rich et al. 1994). If 
edge effects extend 150 m from roads and other 
human-made openings, 40% of the forested 
area in the northern half of the GMNF may rep- 
resent lower-quality habitat for Ovenbirds. 
Roads themselves account for more than 50% of 
the edge area in the region. 

Given the overall abundance of Ovenbirds in 
the region (Ellison 1990b) and the observed lev- 
el of fledging success, there is no indication that 
viability of the local population is threatened. 
However, diminished productivity would limit 
the forest's capacity to function as a population 
source for forest fragments outside the GMNF 
that are population sinks (Pulliam 1988). As 
private lands become increasingly susceptible 
to subdivision and development, public lands 
such as the Green Mountain National Forest 
will become more important sources of contig- 
uous forest habitat needed to sustain popula- 
tions of forest-interior species (Askins 1994). 
Our study suggests that even narrow forest 
roads should be viewed as sources of habitat 
fragmentation that exert negative effects on the 
quality of habitat for forest-interior species 
such as the Ovenbird. 
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